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Visualisation, processing and storage of spectrodirectional data
based on the spectral database SPECCHIO
Abstract
The correction of BRDF (bidirectional reflectance distribution function) effects in imaging spectrometer
data requires object specific spectrodirectional information. Such data may be acquired using
goniometer systems such as the dual-view Field Goniometer System (FIGOS). Their use in an
operational processing environment requires optimized solutions for their storage, assessment,
pre-processing and application in the actual correction procedure. The final goal is the provision of a
spectral albedo product to the end user. 
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ABSTRACT 
 
The correction of BRDF (bidirectional reflectance 
distribution function) effects in imaging spectrometer data 
requires object specific spectrodirectional information. Such 
data may be acquired using goniometer systems such as the 
dual-view Field Goniometer System (FIGOS). Their use in 
an operational processing environment requires optimized 
solutions for their storage, assessment, pre-processing and 
application in the actual correction procedure. The final 
goal is the provision of a spectral albedo product to the end 
user. 
 
 
Index Terms— BRDF, Spectral Database, 
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1. INTRODUCTION 
The bidirectional reflectance distribution function (BRDF) 
is an intrinsic and important property of remotely sensed 
objects. Knowledge about the BRDF of objects is of interest 
for the accurate correction of directional effects in imagery 
and for the enhanced information extraction from 
spectrodirectional data. Operational systems including such 
processing will need a component providing BRDF 
information about objects apparent in scenes to be corrected 
or calibrated. 
Current atmospheric correction algorithms apply simplified 
radiative transfer equations to produce bottom of 
atmosphere reflectances, which by their nature are 
comparable to hemispherical-directional reflectance factors 
(HDRF) [1]. In this natural case, the hemispherical 
irradiance consists of a direct and a diffuse term, where the 
latter is known to be heterogeneous in nature. However, it is 
not directionally resolved in the reflectance factor retrieval, 
i.e. it is assumed to be homogenous.  
Ideally, HDRF data should be processed to spectral albedo 
ρa (Bi-Hemispherical Reflectance), thus removing the bi-
directional effects. An anisotropy factor K is used for the 
conversion from HDRF to BRF: 
 
 
 
The K factor is calculated by: 
 
 
where 
BRFmodel = BRF (Bi-directional reflectance factor) based on 
database, modeled from FIGOS datasets 
HDRFmodel = HDRF based on database at diffuse,  
homogenous illumination. Modeled from 
FIGOS datasets 
BHRmodel = BHR based on database at diffuse,  
homogenous illumination. Modeled from 
FIGOS datasets 
d = direct illumination as portion of total irradiance 
1-d = diffuse illumination as portion of total irradiance 
 
Nicodemus et al [2] describe nine combinations of 
illumination and observation geometry as shown in Table 1. 
The BRF is the most fundamental of these configurations, as 
all others may be derived from it by integration over the 
illumination and/or reflection angles. The BRF 
(Bidirectional Reflectance Factor) is the BRDF normalized 
to the reflectance characteristics of an ideal, fully reflecting 
Lambertian reflector (BRDFLambert = 1/π) and is calculated 
by multiplying the BRDF by the factor of π. 
The BRF may be either extracted from various models or 
retrieved from laboratory or in-situ measurements. The dual-
view Field Goniometer System 
(FIGOS) [3] has been built for the 
latter purpose and provides angularly 
resolved spectral data of incoming and 
reflected solar radiance. Collection of a 
series of hemispheres with changing 
solar angles over a full day enables the 
retrieval of an approximated BRF [4, 
5].  
Figure 1: Hierarchical structure 
holding dual-view FIGOS data plus 
sunphotometer measurements for 
one target 
 
This paper presents concepts and solutions to the storage, 
visualization and processing of spectrodirectional datasets in 
the context of atmospheric correction coupled with a 
spectral database. The SPECCHIO system [6] is used as a 
testbed for various concepts. 
 
 
2. ACQUISITION AND STORAGE OF FIGOS DATA 
Acquisition of spectrodirectional datasets is based on the 
dual-view FIGOS. Two ASD FieldSpec 3 
spectroradiometers [7] are mounted on a sledge running 
along a zenith arc and capture the down-welling and up-
welling radiances [5]. The data are first stored on the file 
system and structured hierarchically by hemisphere, 
observation direction (incoming/reflected) and 
reference/target/sky (see Figure 1). 
On a second step, data are read from the file system and 
stored in a relational form in the SPECCHIO database. 
Spectral data are stored in the spectrum table and geometry 
metadata (zenith/azimuth for both sensor and illumination) 
are contained in the sampling_geometry table (Figure 2). 
Every spectrum belongs to a sampling campaign; the 
according information is stored in the campaign table. 
Hierarchy information is held by the hierarchy_level table 
and any depth of hierarchies can be stored due to the 
recursive table model. A complete FIGOS dataset for 
subsequent BRF retrieval averagely comprises 6 
hemispheres with 132 readings per hemisphere (66 spectra 
for both irradiance and target radiance). 
Table 1: Illumination and reflection geometries (adapted 
from Nicodemus et al [2]) 
Each spectrum is represented by a data vector of 2151 32-bit 
floating-point values. The storage size of a goniometer 
dataset thus amounts to 6,814,368 bytes or ~6.5 MB for the 
spectral data alone. 
 
Figure 2: Partial entity relationship diagram of the 
SPECCHIO schema 
 
3. VISUALISATION 
Visualisations are important tools for 
the quality check and enhanced 
understanding of complex datasets such 
as goniometer data. For these reasons, 
two software solutions have been 
prototyped, which offer interactive data 
exploration. 
The first solution is based on Java and is 
integrated into the SPECCHIO Java 
application. It has the advantage of 
online access to the database, thus 
allowing the interactive display of 
metadata for a selected spectrum of the 
dataset. It features a 3-d interpolated 
hemisphere plot for a freely selectable 
wavelength, a spectral plot for the 
currently selected spectrum and a 
positional plot showing the sampling 
points in a Cartesian coordinate system 
(Figure 3). 
The second implementation uses the 
advanced plotting functionality of 
Matlab [8]. It allows the simultaneous 
display of incoming and reflected hemispheres but is based 
on exported CSV files and thus cannot easily access the rich 
metadata set offered by SPECCHIO. 
Figure 3: Gonio Hemisphere Explorer window 
 
 
4. BRF RETRIEVAL AND STORAGE 
 
4.1. Pre-Processing 
FIGOS datasets may be subjected to a pre-processing step 
for increased accuracy of the following retrieval. This 
mainly applies when sunphotometer data have been 
acquired simultaneously with FIGOS measurements. These 
temporal highly resolved total, direct and diffuse irradiance 
measurements can be used to correct the directional ASD 
irradiance data for temporal fluctuations in the apparent 
solar radiation at ground level. Furthermore, the two ASD 
spectroradiometers can be intercalibrated using factors 
obtained under laboratory conditions. Detailed descriptions 
of the pre-processing can be found in Hueni et al [4]. 
 
4.2. Retrieval 
The retrieval of the BRF from a FIGOS hemisphere is based 
on the methodology proposed by Martonchik et al [9] and 
applied by iteratively solving the following equation for R 
[3]: 
 
€ 
Lr θr,θ0,φr −φ0( ) = π−1 ⋅ R θr,θ0,φr −φ0( ) ⋅ Edir θ0( ) +
π−1
0
π / 2
∫ R θr,θi,φ − φi( )
0
2π
∫ ⋅ Ldiffinc θi,θ0,φi −φ0( ) ⋅ sin θi( ) ⋅ cos θi( )dθidφi
 
 
where 
€ 
θi,θr    = illumination (i) and view (r) zenith angles 
€ 
φi,r −φ0  = illumination (i) or view (r) azimuth angle 
relative to the solar principal plane 
€ 
R θr,θi,φ − φi( )  = Bidirectional Reflectance Factor (BRF) 
of the target for the given illumination 
angles. 
 
The retrieval is applied to all acquired hemispheres; thus, on 
average the BRF is approximated for 6 different sun zenith 
angles.  
4.3. Storage 
The retrieved BRF consists of spectral vectors for certain 
combinations of incoming and reflected geometries, where 
the illumination azimuth angle may be relative value if each 
hemisphere is acquired starting in the solar principal plane 
(PP), i.e. zero/180 degrees azimuth describes the BRF in the 
PP. 
This BRF is again stored in the database in a manner 
identical to the HDRF measurements. The BRF and HDRF 
datasets are differentiated on the database by their 
quantities, which are set by associating each spectrum with 
one of the predefined categorical values held by the 
database table ‘quantity’ (Figure 2). 
The storage size of a BRF ranges around 3.25 MB. 
 
 
5. CONSIDERATIONS FOR OPERATIONAL BRDF 
CORRECTION 
 
5.1 Calculation of BRFmodel, HDRFmodel, BHRmodel and 
Kanif 
The correction procedure requires the calculation of the Kanif 
for every pixel in the scene. Terrain induced BRDF effects 
make it necessary to take the aspect and slope of every pixel 
in regards to the observation geometry into account. The 
illumination conditions per pixel are given by the output of 
the atmospheric correction as direct and diffuse components. 
Consequently, the BRFmodel and HDRFmodel must be 
estimated for angles mostly not measured by the goniometer 
and according interpolations must be carried out. Possible 
concepts include the interpolation on the fly or the pre-
calculation at a finer angular resolution. The latter may then 
be used as approximation for real values, introducing an 
error but increasing the computing speed. 
The HDRFmodel may be pre-calculated under the assumption 
of a homogenous diffuse irradiance. The same holds true for 
the BHRmodel, which can be entirely pre-calculated. 
 
5.2 Sensor Convolution 
The imagery data to be corrected is usually sampled by 
instruments having a significantly lower number of bands 
and larger bandwidths than the ASD spectroradiometers 
used on the FIGOS. A convolution from ASD to the target 
sensor reduces the amount of BRDF data and is ideally 
carried out before the interpolation of BRFmodel and 
HDRFmodel to cut down both computation time and memory 
requirements. Possible concepts include the storage of 
convoluted BRFmodel and HDRFmodel information in the 
database for every sensor or the pre-calculation on-the-fly 
for the sensor in question. 
 
5.3 Database versus Memory Access 
Operational correction of imaging spectrometer data 
requires optimized data structures to minimize the 
computing time. Theoretically, it would be feasible to carry 
out a select on the database of the required 
BRFmodel/HDRFmodel/BHRmodel information by specifying the 
target type and required angle intervals and apply a sensor 
convolution followed by interpolation of 
BRFmodel/HDRFmodel for the actual angles on the fly for 
every pixel. This would minimize the memory footprint. 
However, it is anticipated to be considerably slower than 
holding the information in memory. 
Storage of the multidimensional dataset in memory requires 
suitable methods for quick access. In the case of on-the-fly 
interpolations, spectral information in the vicinity of an 
angular input position must be retrieved. Possible concepts 
include the use of hash tables or linear memory access, 
which works best if the data have been acquired with (or 
resampled) using an uniform angular sampling interval. 
 
5.4 Coordinate Systems 
Goniometer data are acquired in polar coordinates and 
stored accordingly in the database. It seems the most 
intuitive coordinate system for angular data, however, other 
systems such as Cartesian may be used. Feingersh et al [10] 
transform BRFmodel data into a rectangular grid by a 
Mercator projection. This allows the storage of BRFmodel 
data as ENVI cubes. 
 
 
6. CONCLUSIONS 
This paper outlines concepts and solutions for the use of 
goniometer data for the operational BRDF correction. The 
major steps are (a) acquisition of spectrodirectional data at 
differing sun zenith angles and storage in the spectral 
database SPECCHIO, (b) evaluation and exploration of the 
data sets using interactive visualization tools, (c) pre-
processing of the data to increase the accuracy, (d) BRF 
retrieval and storage, (e) pre-processing and data structuring 
for optimized computational speed during the calculation of 
the anisotropy correction factor Kanif and (f) application of 
Kanif for the generation of spectral albedo products. 
The final implementation of the correction will require 
careful studies of the required angular resolution and data 
structures to minimize errors and memory footprint while 
maximizing the computing speed.  
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